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Conversion factors for inch-pound system and International System Units (SI)
[For use of those readers who may prefer to use metric units rather than inch-pound units, the conversion factors for the terms used in this report are listed below: Unconsolidated valley-fill deposits underlie the Harney Valley floor to a maximum of about 250 ft (Leonard, 1970; Piper and others, 1939) . The valley-fill deposits consist chiefly of silt and clay, but contain lenticUlar deposits of sand and gravel in alluvial fans and also along buried stream courses. Beneath the valley-fill deposits is a large but unknown thickness of consolidated rocks similar in composition to those exposed in the bordering uplands. Farther south, faulting of the uplands has produced the Steens and Pueblo Mountains. These volcanic rocks have been tilted gently toward the west by a major set of faults (Williams and Compton, 1963, p. 32; Lund and Bentley, 1976, p. 51-53) ; consequently, most of the upland drains westward to the Donner and Blitzen River or into Catlow Valley. Catlow, Alvord, and Pueblo Valleys are underlain by an undetermined thickness of valley-fill deposits derived from these uplands.
Occurrence of Ground Water
Large quantities of ground water are withdrawn by numerous wells from sand and gravel and from consolidated rock aquifers near Burns, in Silver Creek and Catlow Valleys, and along the western margins of Alvord and Pueblo Valleys. Many wells produce as much as several hundred gallons of water per minute, and the water is used chiefly for irrigation. The distribution of the consolidated rock aquifers beneath the valley-fill deposits is generally poorly known, especially in Catlow and Alvord Valleys. Ground water in Harney Valley is generally confined beneath beds of clay or other rocks of low hydraulic conductivity (Piper and others, 1939) . Locally, ground water in shallow sand and gravel aquifers is unconfined.
A large part of the study area is upland in which ground-water recharge is chiefly by direct infiltration of precipitation, and by local infiltration along streams during periods of high runoff. Each spring, snowmelt runoff from upland streams floods large areas of the Harney Valley floor and recharges the shallow section of the valley fill (Leonard, 1970) . Upward movement of ground water from the underlying consolidated rocks also provides small quantities of recharge to the valley-fill deposits (Piper and others, 1939, p. 70) . Similarly, Catlow, Alvord, and Pueblo Valleys receive the runoff from the Steens, Pueblo, and Trout Creek Mountains.
The general direction of movement of ground water in the Riley and Andrews Resource Areas is from upland recharge areas toward valley areas where the ground water is discharged from springs, by diffuse seepage to streams, by evapotranspiration, or by wells. In Harney Basin, ground water in the valley-fill deposits is moving toward Malheur and Harney Lakes. In Catlow, Pueblo, and Alvord Valleys, groundwater discharge from springs in common along the bases of alluvial fans. Evapotranspiration of shallow ground water probably is the cause of large areas of alkali soils in the valleys (U. S. Salinity Laboratory Staff, 1954) .
Locally in these valleys, wells and springs yield warm, geothermally heated ground water; many of these sources are described by Piper, Robinson, and Park (1939) and Waring (1965) . Chemical analyses of water from geothermal springs have been reported by Mariner and others (1975) . Data for a few selected hot springs are listed in the accompanying tables; other data are available from files of the U.S. Geological Survey and Oregon Department of Geology and Mineral Industries. 
EXPLANATION OF DATA

Well-and Spring-Numbering System
Wells and springs are assigned a number based on their location according to the rectangular system for subdivision of public lands. In successive order, the numerals represent the township, range, and section. Thus, well 36S/33E-16dcb is in township 36 south, range 33 east, section 16. A graphic illustration of this method of well location is shown in figure 2 . The letters following the section number show the location in the section, the first letter designating the quarter section (160 acres), the second letter the quarter-quarter section (40 acres), and the third letter the quarterquarter-quarter section (10 acres). Where two or more wells are in the same 10-acre subdivision, serial numbers are added after the third letter. For a spring, a lower case "s" follows the third letter.
Records of Wells and Springs
Records of wells and springs in the Riley and Andrews Resource Areas are listed in table 1, following the text. Some well records have been published for the Harney Valley area (Leonard, 1970; Gonthier and others, 1977) . The wells in table 1, many of which have drillers' logs available, have been field located, and their locations are shown on plate 1. Well and spring locations were plotted on 1:63,360-scale Bureau of Land Management planimetric maps and Geological Survey 1:24,000 topographic maps. Table 1 also includes some data on selected springs, including an estimate of the discharge of the spring at the time of the visit. Little or no data were available, however, for estimating fluctuations in the discharge of those springs. 
Drillers' Logs of Wells
Drillers' logs of wells are obtained from reports that have been submitted by drillers to the Oregon Water Resources Department since 1956, from Geological Survey files, and from records supplied by the Bureau of Land Management. Drillers' terminology for the materials penetrated, which varies from driller to driller, is used in table 2. The logs have been edited so that lithology is given first.
Hydrographs of Observation Wells
Date for observation wells in the study area are summarized in table 3, and are shown in figure 3 hydrographs of ground-water levels in 10 -representative observation wells of 22S/31E-34ccb and 23S/31E-16dbb. Records for most of the wells started between 1962 and 1969, but measurements started in 1930. Ground-water levels generally rise each year when the ground-water reservoir is recharged and storage increases. If, over a period of time, ground-water discharge exceeds the rate of recharge, water levels gradually decline, and the hydrographs show a declining trend. Conversely, a rising trend occurs when ground-water recharge exceeds ground-water discharge. Seasonal variations range from less than a foot in well 25S/31E-29acb to more than 10 ft for several wells. In most of the study area, neither rising nor declining longterm trends are apparent, and the ground-water levels are more or less stable.
Chemical Quality of Ground Water
Ground-water samples from 25 wells and springs in the Riley and Andrews Resources Areas of Harney County were collected by the Geological Survey in 1979 for chemical analysis (table 4) . In addition where possible, the specific conductance of water was measured, for each well and spring visited in 1979 and those measurements are reported in table 1. Table 4 also includes several analyses of water samples analyzed earlier from Harney Valley and several analyses of thermal springs from the Survey's geothermal file.
Analyses of samples from four wells (23S/23E-27acb, 26S/31E-33ccc, 29S/37E-17cca, 40S/36E-19ddd) and two springs (325/36E-29 daas and 37S/321/2E-7dads) were made by the plasma-scan method. Determinations by that method are less precise than analyses by more "standard" methods; therefore, most of the constituents are reported to only one significant figure in table 4. In addition to the constituents reported in table 4, the plasma-scan analyses included a semiquantitative determination of more than 20 metals and trace elements which are tabulated in table 5.
The specific conductance of a water sample measures the ability of water to conduct an electrical current and is related to the concentration of the ionized dissolved constituents. Specific-conductance calues in table 4 range from 56 to 4,590 micromhos per centimeter at 25° C, sulfate from 2.1 to 328 mg/L, fluoride from 0.1 to 19.0 mg/L, and arsenic from less than the detection limit to 1.0 mg/L. The highest measured values for all chemical constituents were in water from thermal springs. The source and significance of the chemical constituents and physical properties are summarized in table 6. 
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T. 35 S., R. 32 E.
T. 35 S., R. 33 E. 1/ These analyses were made using a direct-reading emission-spectrometric procedure utilizing an induction-coupled argon plasma excitation source. The results are considered to be semiquantitative, accurate only to one significant figure, and to have a confidence level of 68 percent. Where values are reported as <some numerical value, that number represents the lowest level of detection for that metal. For instance, " < 50" given for chromium indicates dissolved chromium in the water sample was less than the detection level of 50 ug/L. Carbon dioxide in air and soil atmosphere, "hardpan" deposits, or cementing material in sediments; also decomposition of organic matter in soil.
In combination with calcium and magnesium, cause carbonate hardness. Carbonates of calcium and magnesium form scale in steam boilers and hot-water facilities and release corrosive carbon dioxide gas.
Sulfate (SO4) Sulfide minerals in rocks, gypsum, precipitation, fertilizers, and sewage.
Sulfates of calcium and magnesium form hard scale. In concentrations greater than about 250 mg/L may have unpleasant taste and be cathartic to some individuals (National Academy of Sciences, 1974).
Chloride (C1) Soils and rocks, evaporite minerals, precipitation, animal wastes, and sewage.
Makes water corrosive; more than 250 mg/L may impart salty taste to water (National Academy of Sciences, 1974 Essential in trace amounts to plant nutrition. In concentrations greater than about 2 mg/L, may be toxic even to tolerant crops (National Academy of Sciences, 1974).
Arsenic (As)
Dissolved from arsenic-bearing minerals. Ingredient of many herbicides and insecticides.
Prolonged consumption of water containing more than about 0.05 mg/L of arsenic may lead to chronic poisoning (U.S. Environmental Protection Agency, 1975).
Dissolved solids (residue on evaporation or calculated)
Measure of the concentration of dissolved solids in water.
Specific conductance
Indicator of the ability of a solute to conduct an electrical current. Gives indication of the concentration of dissolved solids in water.
Hardness as (CaCO3) Mainly dissolved calcium and magnesium in water. Property of water related to the formation of an insoluble curd with soap and the formation of scale in pipes, boilers, and cooking utensils.
pH (hydrogen ion activity)
Hydrogen ions in solution.
Hydrogen ion activity expressed in negative logarithmic units. A measure of the dissociation of water molecules. A neutral solution has a pH of 7.0.
Temperature
Determined by local environment. Important physical characteristic that affects taste, efficiency of waste-treatment processes, cooling, suitability of habitat for aquatic life, and suitability for irrigation.
SAR (sodium-adsorptionratio)
Calculated from the following equation:
SAR . (Na+)
Equation predicts the degree to which irrigation water tends to enter into cation-exchange reactions in soil. High SAR values imply a hazard of sodium replacing adsorbed calcium and magnesium; this replacement is damaging to soil structure. 
